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Recent observations have revealed some evidence of the influence of sex and menstrual cycle on 
cognitive functions. 

In order to examine further differences depending on different phases of menstrual cycle, the use of 
oral contraception, and gender, fMRI during verb generation tests was performed in 12 female volunteers 
at menstrual phase and at luteal phase, 12 female volunteers under oral contraception, and in 12 men. 

Females under oral contraception compared to females in the menstrual or luteal phase revealed 


a cvdie superior activation during verb generation in the right hemisphere; compared to menstrual phase in the 
Gender 5 superior temporal and in the luteal phase in the inferior frontal cortex. Two further significant 


activations were revealed comparing females in the luteal phase with males; for the females in the left 


Verb generation 


fMRI inferior frontal and for the males in the left superior temporal cortex. 

Our results indicate that cerebral activity during a verb generation task differs between women 
during different phases of the menstrual cycle and men, between women under oral contraception and 
men, as well as between women with and without oral contraception. 

© 2009 Elsevier Ireland Ltd and the Japan Neuroscience Society. All rights reserved. 


1. Introduction 


Gender differences have been explored for many years by using 
various cognitive tasks. Genetic and hormonal factors seem to 
influence gender-specific behaviors (Udry, 1994; Fabes et al., 
1997). Differences in brain hormonal state and gene expression 
suggest that gender differences in behavior and cognition may be 
associated with structural and functional differences in the brain 
(Herman et al., 2003; Vawter et al., 2003). 

A confounding factor in gender-difference studies is the female 
hormonal variation over the menstrual cycle. As psychological 
studies have demonstrated (Rode et al., 1995; McGowan and Duka, 
2000), the verb generation task appears to be a suitable approach to 
demonstrate gender-specific differences in performance, as well as 
specific activations and differences in lateralization during the 
female menstrual cycle. Analyses of lexical decision, figure 
recognition, and face discrimination tasks have also shown that 
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anincrease in progesterone is related to a reduction in asymmetrical 
activation in.a figure recognition task by increasing the performance 
of the left hemisphere, which is less specialized for this task 
(Hausmann et al., 2002). Cerebral lateralization in females is 
modulated by the menstrual cycle such that some hemispheric 
asymmetries are diminished during the follicular and luteal phases 
and enhanced during the menstrual phase (Rode et al., 1995). 

There has been some evidence to suggest that fMRI is helpful in 
revealing differences between male and female cortical activation 
patterns and lateralization (Frost et al., 1999; Kansaku et al., 2000; 
Thomsen et al., 2000; Phillips et al., 2001). Previous studies have 
indicated differences in the following regions for verbal tasks: a 
stronger lateralization in men than in women for specific areas 
such as angular gyrus, frontal and temporal cortex as well as 
parietal cortex (Shaywitz et al. 1995; Kansaku et al., 2000; 
Kansaku and Kitazawa, 2001). However, some studies have failed 
to demonstrate gender differences in fMRI using language tasks 
(Gur et al., 2000; Frost et al., 1999). Results of these studies have 
not revealed gender differences in cortical activation during spatial 
tasks compared to verbal reasoning tasks. 

In recent trials/studies, the influence of sex and menstrual cycle 
on cognitive functions has been analyzed with fMRI. Schoning et al. 
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revealed that fMRI-related activity during specific visual working 
memory tasks varies across sex and phases of the menstrual cycle 
(Schoning et al., 2007). Therefore, the inconsistent findings in 
gender comparisons dealing with language tasks may be related to 
the mixed group of female subjects in these studies. The phase of 
the menstrual cycle was not considered in these studies, despite 
evidence that hormonal changes over the cycle may result in 
different patterns of lateralization during cognitive tasks (Wis- 
niewski, 1998; Hausmann et al., 2000, 2002). 

One previous fMRI study revealed gender differences with regard 
to verb generation and mental rotation tasks. Gender differences in 
cortical activation during these stimuli were measured comparing 
women during the luteal phase with men. During verb generation 
tests, higher activation in men was found in the left medial temporal 
and precentral cortex (Gizewski et al. 2006). These results 
demonstrate that differences in cerebral activity during cognitive 
tasks exist between men and women in the luteal phase. 

Previous fMRI studies targeting language, however, have not 
analyzed differences in cortical activation depending on the 
different phases of female menstrual cycle or use of oral 
contraception, although there have been some findings using 
psychological evaluations. Therefore, the intention of this study 
was to evaluate specific differences between women in different 
phases ofthe menstrual cycle, women under oral contraception, and 
men using a verb generation task in order to investigate differences 
in cortical activation between these groups. We decided to use the 
special test of verb generation because of its known superior 
reliability compared to other language tasks (Binder, 1997; Lehericy 
et al., 2000). 

We hypothesize that the lateralization of the activation 
patterns will differ in women dependent on their hormonal status, 
leading to significant activation in the frontal and/or temporal 
areas for women under oral contraception compared to women 
without oral contraception in two different cycle phases. 
Concerning the gender differences, we assume that the previously 
described differences between men and women in the temporal 
cortex will be verified, but hypothesize that this finding will also 
depend on the cycle time. 


2. Subjects and methods 
2.1. Subjects 


Twelve male and 12 female healthy volunteers without oral 
contraception (mean age 31 years, range 18-45 years) and also 12 
female volunteers under oral contraception (mean age 23 years, 
range 18-37) were examined. No subject revealed any brain tissue 
pathology on structural MRI, and none had a history of 
neurological or psychiatric disease. All subjects were right-handed 
according to the Edinburgh Inventory. Female subjects without 
oral contraception were examined twice, once during their 
ovulatory phase (day 11-18) and once during their menstrual 
period. No subject was outside the ovulatory phase in the 
retrospective evaluation of menstrual phase. All volunteers who 
were under oral contraception used combined estrogen and 
progestagen drugs. They were examined in the middle of a 28- 
day cycle. The time of the two measurements was randomized in 
the group of women without oral contraception; the others were 
only scanned once. 

Written informed consent was obtained prior to scanning. The 
study was approved by the local ethics committee. 


2.2. Experimental design 


All MR images were acquired using a 1.5-T MR (Sonata, 
Siemens, Erlangen, Germany) with a standard head coil. A 3D 


FLASH sequence (TR 10 ms, TE 4.5 ms, flip angle 30°, FOV 240 mm, 
matrix 512, slice thickness 1.5 mm) was acquired for individual co- 
registration of functional and structural images. BOLD contrast 
images were acquired using an echo-planar technique (TR 
3100 ms, TE 50 ms, flip angle 90°, FOV 240 mm, matrix 64 x 64) 
with 34 transverse slices with a thickness of 3 and 0.3 mm slice 
gap. Three “dummy” scans were eliminated prior to data analysis 
to account for T1 relaxation effects. 

First, each subject performed a verb generation test outside the 
scanner and the quality and quantity of the performance was 
assessed. Each word was presented for the same duration as in the 
fMRI experiment (31s for 5 words). After that, each subject 
underwent one functional imaging session during a verb genera- 
tion task. The stimulus was presented in a block design and 
alternated with resting periods every 31 s. Each run was divided 
into six epochs. 

Subjects were asked to lie relaxed inside the scanner and to 
perform the presented task. During the active condition of the verb 
generation task, nouns were presented every second scan and the 
subjects were asked to generate corresponding verbs without 
speaking out loud. During the resting condition, numbers were 
presented and the subjects were instructed to count backwards in 
their head. All stimuli were presented by projection from outside 
on a screen inside the scanner room. 

After scanning, the subjects were asked to rate their individual 
level of general alertness on a scale ranging from O to 10. 


2.3. Data analysis 


Before entering the images into the statistical parametric 
mapping software (SPM 5), each image was examined for any 
disturbances due to magnetic susceptibility. SPM 5 software 
(Welcome Department of Cognitive Neurology, London, UK) was 
used for data analysis. Prior to statistical analysis, images were 
realigned utilizing sinc interpolation and normalized to the 
standard stereotactic space corresponding to the template from 
the Montreal Neurological Institute (http://www.mrccbu.cam.a- 
c.uk/Imaging/mnispace.htm!). Bilinear interpolation was applied 
for normalization. The images were smoothed with an isotropic 
Gaussian kernel of 9 mm. A voxel-by-voxel comparison according 
to the general linear model was used to calculate differences in 
activation between the active and resting conditions. The model 
consisted of a box-car function convolved with the hemodynamic 
response function (hrf) and the corresponding temporal derivative. 
High pass filtering with a cut-off frequency of 128 s and low-pass 
filtering with the hrf was applied. 

For group analysis, single-subject contrast images were entered 
into a random effects model. Significant signal changes for each 
contrast were assessed by means of a t-statistic on a voxel-by- 
voxel basis (Friston et al., 1995, 1999). The resulting set of voxel 
values for each contrast constituted a statistical parametric 
mapping (SPM) of the t-statistic. The statistical threshold problem 
was solved according to the random field theory (Friston and 
Penny, 2003). The threshold was set to P< 0.05 (corrected for 
multiple comparisons). 

Additionally, for analysis of gender-specific activation during 
each task and comparison of the contraceptive group with the 
women without contraceptives as well as women of all groups 
with men, two-sample t-tests were performed using the individual 
contrast images for each task and subject. The resulting contrast 
images were taken to the second level analysis and entered into a 
two-sample t-test. Additionally, a paired t-test was performed for 
analyzing the differences between the two cycle phases. 

The threshold of the two-sample t-statistic was set to P< 0.001 
uncorrected for multiple comparisons assuming the following a 
priori regions of interest (ROIs): for the verb generation task, a 
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Fig. 1. Statistical parametric maps of activation in female subjects during different phases of the menstrual cycle and under oral contraception and in male subjects 
performing a verb generation task are superimposed on two orthogonal sections of 3D T1-weighted standard brain images. SPM uses the neurological side convention: Rison 
the right side. The corrected statistical threshold is P < 0.05. (A) Male subjects. The main activation is seen in the left inferior frontal, in the left medial temporal, and in the left 
prefrontal cortex. (B) The main activation in female subjects during their menses is seen in the left inferior frontal, the left medial temporal, and in the bilateral occipital 
cortex. (C) Female subjects during the luteal phase show the expected activation in the left inferior frontal, the left medial temporal, and in the bilateral occipital cortex. (D) 
The main activation in female subjects under oral contraception is seen in the left inferior frontal, the left medial temporal, and in the bilateral occipital cortex. 


stronger lateralization in men than in women has been described 
for the superior temporal and inferior frontal gyrus (Shaywitz et al., 
1995; Gur et al., 2000; Kansaku and Kitazawa, 2001). Therefore, 
only these regions were defined and analyzed in this study. 


3. Results 


The quality and quantity of the performance outside the 
scanner did not significantly differ between each group. The 
median word production for one item during the verb generation 
test was 5.67 + 0.87 for males, 5.66 + 0.71 for females under oral 
contraception, 5.91 + 0.63 for females in the luteal, and 5.75 + 0.79in 
the menstrual phase. 

During the verb generation task in the scanner, activation was 
revealed in the left inferior frontal and superior temporal cortex in 
all groups using a corrected P < 0.05. Occipital activation was only 
found in female subjects in the one-sample t-test at this threshold. 
Male volunteers revealed an accessory activation of the precentral 
cortex at this threshold (Fig. 1, Table 1). 

The two-sample t-test and paired t-test revealed differences in 
the cerebral activations in some but not all group comparisons. The 
comparison of women during their menses with these same 
women scanned in the luteal phase did not reveal any different 
activation during verb generation in either contrast. 

Women under oral contraception showed higher levels of 
activation in the right superior temporal cortex during verb 
generation compared to females in the menstrual phase (Fig. 2a). 
The reverse contrast did not reveal any significant activation. 
When comparing women under oral contraception with those in 
the mid-luteal phase, superior levels of activation were revealed 
for women under oral contraception in the right inferior frontal 
cortex (Fig. 2b). The reverse contrast did not reveal significant 
activations. 

When comparing men with women under oral contraception, 
no significant activation was revealed for men in the prefrontal and 
the medial temporal cortex. 

Women during their menses compared to men during verb 
generation did not reveal any significant activation in the two 


group comparison contrasts. A higher level of activation for women 
during the luteal phase compared with men was found in the left 
inferior frontal cortex (Fig. 2c). The reverse contrast revealed 
significant activation in the left superior temporal cortex (Fig. 2d). 


Table 1 

Specific activated regions during the verb generation task. The results of the group 
analyses in one-sample t-tests are given; the degrees of freedom were 11 in each 
group. Only statistically reliable areas (corrected P< 0.05) are included. Talairach 
coordinates are given in the x, y, and z directions. 


Group Talairach Region (cortex) Side t-Value 
coordinates (mm) 
Women 52; 26; 10 Inf. frontal 46 ji, 13.11 
luteal phase 8; 12; 66 Sup. temp. 6 ji, 12.31 
56; -56; 16 Sup. temp. 22 IL, 7.67 
56; -46; —8 Med. temp. 37 IL, 7.95 
—22; -96; 0 Cuneus 18 IE, 10.37 
18; -96; -—6 Cuneus 18 R 8.39 
—28; —14; -16 Parahippocampal L 6.81 
—24; -38; —12 Parahippocampal 36 L 7.21 
Women 50; 22; 8 Inf. frontal 46 L 14.69 
menstrual 60; 20; 2 Inf. frontal 45 R 7.29 
-58; —52; 16 Sup. temp. 22 IE, 6.94 
62; -38; —2 Med. temp. 37 JE, 6.45 
-10 -99; 10 Cuneus 18 E 10.05 
28; —96; 18 Cuneus 18 R 7.12 
34; —18; —18 Hippocampal L 7.53 
—44: 70; 10 Oceipital, fusiform JL, 10.58 
Women 54; 24; 4 Inf. frontal 46 ji, 13.34 
contraception -8; 12; 64 Sup. temp. 6 IE, 12.85 
-56; -56; 14 Sup. temp. 22 IE, 6.98 
54; -40; —2 Med. temp. 37 jL, 7.95 
—24; -96; -6 Cuneus 18 IE, 7.66 
18; —96; —6 Cuneus 18 R 8.41 
—24; -38; —12 Parahippocampal 36 L 6.52 
Men 54; 18; 12 Inf. frontal 44 ji, 13.46 
-6; 12; 60 Sup. temp. 6 IL, 8.12 
60; —48; 0 Sup. temp. 22 It, 9.63 
—42; -64; 28 Med. temp. 39 IE, 7.95 
-12; -98; 0 Cuneus 18 IE, 4.82 
14; —94; —8 Cuneus 18 R 7.50 
28; -38; —22 Fusiform L 5.17 
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Fig. 2. Statistical parametric maps of areas showing more prominent specific activation in atwo-sample t-test during verb generation. The uncorrected statistical threshold is 
P< 0.001. (a) Activation for female subjects under oral contraception compared to women during their menses was revealed in the right superior temporal cortex. (b) 
Comparing female subjects under oral contraceptives with women during their luteal phase, the right inferior frontal cortex was activated. (c) Women during their luteal 
phase revealed activation of the left inferior frontal cortex compared to men. (d) Superior activation was revealed for men in the left superior temporal cortex compared to 


women during the luteal phase. 


Table 2 

Specific activated regions during the verb generation task. The results of the group 
comparisons in two-sample and paired t-tests are given. Only statistically reliable 
areas (uncorrected P< 0.001) are included. Talairach coordinates are given in the x, 
y, and z directions. 


Comparisons Talairach Region Side  t-Value 
coordinates (mm) (cortex) 

Oral contraception 46; -50; 20 Sup. temporal R 5.66 
> menstruation 

Oral contraception 42732:20 Inf. frontal R 3.63 
>luteal phase 

Female luteal —32; 26, 12 Inf. frontal L 5.51 
phase > male 

Male > female —38; —58; 30 Sup. temporal L 372 


luteal phase 


Women under oral contraception compared to men during verb 
generation did not reveal any significant activation in one of the 
group comparison contrasts. The complete activated areas with 
coordinates and t-values are given in Table 2. 


4. Discussion 


In our study, cortical activation during a verb generation task in 
men and women occurred in the expected cortical areas within the 
left inferior frontal and the superior temporal cortex. These 
activations correspond to the expected areas for language 
processing (Herholz et al., 1996). Furthermore, some associated 
areas (medial temporal, parahippocampal, and fusiform gyrus) 
were also confirmed in our male and female groups. Male subjects 
revealed an additional activation of the prefrontal cortex. Occipital 
activation was prominently found in female subjects, but these 
differences in the one-sample t-test cannot be used for group 
comparisons as the overall brain activation level can influence the 
significance of some regions. 


There has been some evidence to suggest that fMRI is helpful in 
revealing differences between male and female cortical activation 
patterns and lateralization (Frost et al., 1999; Kansaku et al., 2000; 
Thomsen et al., 2000; Phillips et al., 2001). However, the results are 
not homogenous as reported in the introduction. The results of our 
study showed gender differences and differences depending on the 
phase ofthe menstrual cycle in distinct cortical areas, but not for all 
comparisons: men compared with women only revealed differ- 
encesin cerebral activation during a verb generation task when the 
women were scanned during the luteal phase. Neither women 
under oral contraception nor women in the menstrual phase 
revealed any significant differences compared to men. The 
differences to the women in the luteal phase may be related to 
different hormonal, e.g. estradiol, levels which are less prominent 
during the menstrual phase or under routine hormonal contra- 
ception (Schoning et al., 2007). 

As we only analyzed the two main language areas to 
investigate possible changes in lateralization, we could not 
reveal a significant activation in prefrontal areas as revealed in a 
former study (Gizewski et al., 2006). In the present study, a small 
cluster was found as described by the former study but was not 
significant under the chosen statistical method. A stronger 
lateralization in men than in women has been described for 
specific areas such as angular gyrus, frontal and temporal cortex 
as well as parietal cortex also in a group with women in 
unselected cycle times (Shaywitz et al., 1995; Kansaku et al., 
2000; Kansaku and Kitazawa, 2001). In a former study (Gizewski 
et al., 2006), we could reveal this lateralization in the prefontal 
areas, but in the present study, we could not reveal a significant 
activation as we only analyzed the two main language areas to 
investigate possible changes in lateralization. Nevertheless, a 
small cluster was found in the present study as described by the 
former study, but was not significant under the chosen statistical 
method. 
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The pathways of hormonal influence on cerebral function are 
not completely understood. For some receptors and their binding 
potentials (D2, 5-HTT, and 5 HT), no influence of the hormonal 
cycle could be revealed in radioligand PET studies (Nordström 
et al., 1998; Jovanovic et al., 2009). Another PET study using FDG 
could show that the mid-follicular phase was associated with 
significantly higher glucose metabolism in thalamic, prefrontal, 
temporoparietal and inferior temporal regions, and the mid-luteal 
phase with significantly higher glucose metabolism in superior 
temporal, anterior temporal, occipital, cerebellar, cingulate and 
anterior insular regions (Reiman et al., 1996). Therefore, a direct 
influence of receptors within specific brain areas seems unlikely, 
and .a reaction, e.g. via physiological changes more likely. However, 
one recent study could demonstrate that a post hoc testing of 
radioligand PET data of men and women suggested that laterali- 
zation of 5-HT1A receptor binding differed between the sexes in 
the triangular part of the inferior frontal gyrus (Fink et al., 2009). To 
clarify those pathways, further studies are needed. 

A disadvantage of our study is that we did not measure the 
blood hormone level. However, we evaluated the exact day of 
menses and luteal phase by checking the first day of the next 
menstrual bleeding, which allows for a fairy close estimation ofthe 
actual hormone levels and relative hormonal changes. We could 
not confirm the reported gender differences showing females 
engaging more diffuse neural systems that involve the right 
inferior frontal gyrus (Shaywitz et al., 1995). Superior activation in 
the left temporal cortex was concordant to the study reported by 
Gur et al. (2000). 

Women under oral contraception revealed different activation 
patterns when compared to women in the menstrual or luteal 
phase. Both significant activations during verb generation were 
located in the right hemisphere. These results indicate a change in 
lateralization due to the hormonal status of the women but can 
only be viewed as preliminary results, as the group of women 
under oral contraception was not exactly homogeneous in regard 
to the hormonal therapy applied. Therefore, further studies with 
women using different hormonal products are needed. 

Furthermore, a shortcoming of this study is the relatively small 
sample size, which also could be overcome in a further study. 
Additionally, the statistical analyses could then be extended, e.g. 
using connectivity analyses like the study of Schmithorst and 
Holland (2007). This group could demonstrate sex differences in 
the development of neuroanatomical functional connectivity in a 
group of 300 boys and girls. 

According to previous studies, women should have reduced 
performance in verb generation and in mental rotation tasks 
during the luteal phase of the menstrual cycle (Hausmann et al., 
2000). However, in the present study we could not confirm an 
altered performance of women in different phases or versus men. 
Therefore, the differences in cerebral activation revealed during 
the verb generation task are not strongly related to the 
performance of the groups. 

In contrast to former studies, we used a verb generation task 
and not orthographic (letter recognition), phonological (rhyme), or 
semantic (semantic category) tasks. Therefore, the activation 
pattern results are not directly comparable. Philips et al. found 
that women demonstrate a higher degree of bilateral language 
representation in temporal lobe regions during passive listening 
than do men (Phillips et al., 2001). There is also evidence that men 
and women showed very similar, strongly left-lateralized activa- 
tion patterns during a language comprehension task (Frost et al., 
1999). A previous study revealed no differences in lateralization in 
females depending on the estrogen blood level. This result implies 
that scanning females outside the luteal phase should not lead to 
gender-specific activation patterns in this language task used by 
Dietrich et al. (2001). Therefore, the minimal gender differences in 


a verb generation task revealed in the present study are within the 
expected range of results. 

We examined women in different phases ofthe menstrual cycle 
and women under oral contraception in order to provide additional 
evidence for the importance of hormonal influence in gender- 
specific activation patterns. In some studies, the lateralization was 
modulated by the menstrual cycle, but the asymmetry shift was 
not under direct influence of estrogen or progesterone (Rode et al., 
1995). Rode et al. measured the lateralization using a verbal and 
figural lateralized matching test and the blood hormone levels in 
two cycle phases. This study could demonstrate a lateralization 
only for the figural test, but even in this test, no direct influence of 
the hormonal state could be established. This finding provides 
further empirical support for cycle dependent alterations in 
lateralization but makes it unlikely that this effect is directly 
caused by estrogen or progesterone plasma level variations. 

Further studies are needed to clarify differences outside the 
luteal phase in women and correlate these cortical activation 
patterns with the performance of both genders. 


5. Conclusion 


The functional cortical activation patterns presented inthis study 
indicate that a verb generation task is suitable for revealing gender 
differences in cerebral activity comparing women during the luteal 
phase ofthe menstrual cycle with men and comparing women under 
oral contraception with those without hormonal treatment. 
Furthermore, these results give further evidence regarding the 
influence of the hormonal cycle and the use of oral contraception on 
brain plasticity during a verb generation task in female volunteers. 
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